Credit derivatives are important financial instruments used to transfer credit risk of loans and other assets. Among them stands out the so-called sovereign credit default swap (CDS), which works as a kind of insurance against sovereign credit risk. The international literature has shown a correlation between sovereign CDS, CDS index and stock index. The present study aims to identify and analyze the determinants factors of the Brazilian sovereign credit default swap spreads (CDSs Brazil), from a multiple linear regression model adjusted for the period May 2009 to May 2014. The results show that the S&P 500 has a greater effect on the CDSs Brazil, followed by the factors Bovespa index (Brazilian stock market index), iTraxx index, European index CDS, FX volatility and CDS USA. Moreover, the CDSs Brazil has a positive relationship with the stock indexes and a negative relationship with the other variables, results similar to some studies in the literature.
Introduction
In general, credit derivatives are financial contracts that work as a protection against financial losses related to credit default. The financial instruments called credit default swaps (CDS) are among the most important credit derivatives products. This is a bilateral contract in which the buyer pays a periodic fee or premium in exchange for a contingent payment by the counterparty (the seller) in the case of credit event occurs (a review about the CDS market can be seen in Moorad (2006) ). The literature presents a lot of works related to credit default swaps, covering several aspects and approaches of this instrument such as spillovers, correlations and determinants (see for example Bruyckere et al., 2013; Oliveira, Curto, & Nunes, 2012; Naifar, 2011; Arce, Mayordomo, & Pena, 2013) .
Among the several types of credit default swaps the sovereign CDS is an important instrument that represents the default risk of an underlying country. The studies on the sovereign CDS and their relationships with global, local and risk variables, are relevant inputs for investors who are interested in the sovereign credit derivatives market. Many works in the literature have studied the impact of financial variables (as market index and CDS index) on sovereign CDS. Particularity, Tokat and Murat (2009) analyze the impact of the CDS index of high-yield corporate bonds (called iTraxx Crossover-iTraxx XO), on sovereign CDS of emerging markets (Brazil, Turkey and South Africa). The study shows a significant impact of the iTraxx XO index on the pricing dynamics of the sovereign CDS prices.
A study between European sovereign debt crisis and CDS market is presented in Atrissi and Mezher (2010) . They analyze the data from the PIIGS (Portugal, Ireland, Italy, Greece and Spain), France and Germany for the period from November 2009 to April 2010. The results show that these countries CDS are influencing one another, due to high correlations observed between them. In the same sense, Mayer (2013) studies the impact of the European debt crisis on the valuation of sovereign debt in the euro area, for the period from July 2007 to April 2012, where the results show a structural break in the valuation of sovereign debt at the beginning of the European debt crisis. Winckelmann and Sørensen (2011) study the determinants of sovereign CDS spreads for 11 European countries, for the period from January 2006 to April 2011, where the iTraxx index appears to be the most dominating factor for the CDS spreads. Similar study is presented in Fender, Hayo and Neuenkirch (2012) , but the authors focus on emerging market sovereign CDS over the period from April 2002 to December 2011. The results show that CDS www.ccsenet.org/ibr International Business Research Vol. 8, No. 7; 2015 103 spreads are more related to regional and global risk than to country-specific risk factors. Finally, Eyssell, Fung, and Zhang (2013) analyze the determinants of China's sovereign CDS spreads using local and global variables. They conclude that China's domestic economic factors are more relevant to explain the CDS spread in the earlier years, while the impact of global factors has become increasingly important in recent years.
Specifically, the literature presents some works involving Latin American sovereign CDS (see for example Carr & Wu, 2007; Chen, Wang, & Tu, 2011; Wang, Yang, & Yang, 2013) . Recently Wang and Yao (2014) The remainder of this paper is organized as follows. Section two describes the methodology and data used to analyze the determinants of Brazilian sovereign CDS. Section three presents the results and discussion. Some final remarks are presented in section four.
Methods
The determinants of the Brazilian sovereign credit default swap spread were identified and analyzed from a multiple linear regression model, using the Brazilian CDS spread daily log return (namely here by BRcds) as a dependent variable. Using local and global explanatory variables, the regression model is as follows: 
are the parameters (constants) and t  is the unobservable random disturbance (or error).
The explanatory variables considered as the possible determinants are defined as follows: ITRXcds is the iTraxx Europe CDS index daily log return (5YR); TREUcds is the Thomson Reuters EU sovereign CDS index daily log return (5YR); TREUBcds is the Thomson Reuters European Banks CDS index daily log return (5YR); USind is the U.S. S&P 500 index daily log return; VIXvol is the CBOE volatility index daily log return (CBOE VIX index); UScds is the U.S. sovereign CDS daily log return (5YR); BRfx is the Brazilian real FX volatility daily log return; BRind is the Brazilian stock market index daily log return; DEF is the default yield spread between Baa and Aaa Moody's seasoned corporate bond yield daily log return; TED is the spread between 3-Month LIBOR based on US dollars and 3-Month Treasury Bill daily log return; and TRE10 is the 10-year US Treasury constant maturity rate daily log return.
The basic assumptions made about de model (1) It is important to note that an explanatory variable is considered significant to explain the dependent variable ( BRcds ) if its parameter ( i  ) is statistically significantly different from zero. In this case, the set of significant explanatory variables corresponds to the set of determinants of the Brazilian CDS spread.
The sample data used to estimate the model (1) was collected from Thomson Reuters Datastream (for ITRXcds, TREUcds, TREUBcd, USind, VIXvol, UScds, BRfx and BRind) and from Federal Reserve Bank of St. Louis (for DEF, TED spread and TRE10), during the period from May 2009 to May 2014. The basic assumptions and significance of the parameters were evaluated using appropriate statistical tests (computed through the softwares SPSS and STATA).
Results and Discussion
This section presents the results obtained from the research, where determinants of the Brazilian sovereign CDS spreads were identified from model (1). Basically, the study was conducted in three steps: verification of the regression model assumptions, identification and analysis of the determinants.
Considering all explanatory variables (ITRXcds, TREUcds, TREUBcds, USind, VIXvol, UScds, BRfx, BRind, DEF, TED and TRE10), the statistical tests used to check the assumptions are presented in tables 1, 2, 3 and 4. In Table 1 To check the no perfect collinearity assumption (there are no exact linear relationships among the explanatory variables) it was used the so-called variance inflation factor (VIF). As a common rule, if the VIF of a variable exceeds 10 then this variable is said be highly collinear (this will be a problem for estimating the parameters of the regression model). The Table 2 shows the indicators of multicollinearity for the explanatory variables (by SPSS software), which suggests that the multicollinearity is not a troublesome problem. The normally distributed assumption was tested using Kolmogorov-Smirnov and Shapiro-Wilk statistics (by SPSS software). As Table 3 shows both tests have p-values practically zero, then the disturbance ( i  ) are not normally distributed (at the 5 percent level). However, if the sample size is relatively large (as is the case), under the assumption of homoscedasticity (that will be tested below) the OLS coefficient estimators are asymptotically normally distributed, such that statistical tests (t and F) are still valid asymptotically (Wooldridge, 2013, pp. 173) . Finally, the assumption of homogeneity was tested using the White test, which is done under the null hypothesis that there is no heteroscedasticity. The Table 4 presents the results for the White test (using STATA software), showing that there is evidence of heteroscedasticity at the 5 percent level of significance (with p value practically zero). If there is heteroscedasticity, then the OLS inference (as t tests and F tests) is generally faulty, even with large sample sizes (note that in this case the t and F tests are not valid asymptotically). Under heteroscedasticity, an alternative is to use the White's robust standard error procedure (Wooldridge, 2013, p. 279 Considering White's procedure, Table 5 presents the regression results (obtained from STATA software). In this case the robust F statistic is 65.57, with p value practically zero, such that there is joint significance of the parameters at the 5% of significance. However, from t statistics the parameters of the explanatory variables TREUcds, VIXvol, UScds, DEF, TED and TRE10 are not significant at the 5 percent level of significance. Then these variables seem to have no effect on the dependent variable BRcds (Brazilian CDS spread). With the purpose of define the determinants from a statistically significant model, the Specifically, it is possible to see that stock market index is a significant determinant of the sovereign CDS spread as shown in some studies presented in the literature (see for instance Oliveira, Curto, & Nunes, 2012; Eyssell, Fung, & Zhang, 2013) . In the same sense, the Itraxx index also is an important factor to explain sovereign CDS changes, as described in Tokat and Murat (2009) and Winckelmann and Sørensen (2011) . On the other hand, the CBOE VIX index, DEF, TED spread and TRE10 have no significant effect on Brazilian CDS spread, which is different from some results presented in Wang and Yao (2014) .
Final Remarks
This paper presents a study about the determinants factors of the Brazilian sovereign credit default swap spreads, from a multiple linear regression model adjusted for the period May 2009 to May 2014. From this study the determinants of the Brazilian CDS spread are the S&P 500 index (USind), Brazilian stock market index (BRind), iTraxx Europe CDS index (ITRXcds), Thomson Reuters European Banks CDS index (TREUBcds), Brazilian real FX volatility (BRfx) and U.S. sovereign CDS (UScds).
Specifically, the S&P 500 index has a greater effect on Brazilian CDS spread, followed by BRind, ITRXcds, TREUBcds, BRfx and UScds, respectively. A positive (negative) variation in Brazilian CDS occurs when the determinants ITRXcds, TREUBcds, UScds and BRfx increases (decreases). On the other hand, one increase (decrease) in the return of the variables USind and BRind will have a reduction (increase) in Brazilian CDS return. Moreover, it is possible to see that the CDSs Brazil has a negative relationship with the stock indexes and a positive relationship with the other variables, results similar to the others studies about sovereign CDS spread presented in the literature. The results obtained in this research contribute to the studies related to the Latin America sovereign credit default swaps, being important inputs for investors who are interested in the international sovereign credit derivatives market.
It should be highlighted that the regression model used to identify the determinants of Brazilian CDS has only eleven explanatory variables and is estimated using the data from the post-crisis period. Thus, one suggestion for future research is to increase the number of possible determinants (global and local), considering other periods of analysis (such as pre-crisis and post-crisis) as well as other types of analysis tools (as panel data for example).
